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EMULATION OF STREAMING OVER THE 
INTERNET IN A BROADCAST 

APPLICATION 

FIELD OF THE INVENTION 

The invention relates to streaming multimedia ?les via a 
network. The invention relates in particular to enabling the 
emulation of streaming graphics or video animation over the 
Internet Within a broadcast context. 

BACKGROUND ART 

The term “streaming” refers to transferring data from a 
server to a client so that it can be processed as a steady and 
continuous stream at the receiving end. Streaming technolo 
gies are becoming increasingly important With the groWth of 
the Internet because most users do not have fast enough 
access to doWnload large multimedia ?les comprising, e.g., 
graphics animation, audio, video, or a combination thereof, 
etc. Streaming, hoWever, enables the client’s broWser or 
plug-in to start processing the data before the entire ?le has 
been received. For streaming to Work, the client side receiv 
ing the ?le must be able to collect the data and send it as a 
steady stream to the application that is processing the data. 
This means that if the client receives the data faster than 
required, the excess data needs to be buffered. If the data 
does not arrive in time, on the other hand, the presentation 
of the data Will not be smooth. 

The term “?le” is used herein to indicate an entity of 
related data items available to a data processing and capable 
of being processed as an entity. Within the context of the 
invention, the term “?le” may refer to data generated in 
real-time as Well as data retrieved from storage. 

Among the technologies that are currently available or 
under development for the communication of graphics data 
via the Internet are VRML 97 and MPEG-4. VRML 97 
stands for “Virtual Reality Modeling Language”, and is an 
International Standard (ISO/IEC 14772) ?le format for 
describing interactive 3D multimedia content on the Inter 
net. MPEG-4 is an ISO/IEC standard being developed by 
MPEG (Moving Picture Experts Group). In both standards, 
the graphical content is structured in a so-called scene graph. 
A scene graph is a family tree of coordinate systems and 
shapes, that collectively-describe a graphics World. The 
top-most item in the scene family tree is the World coordi 
nate system. The World coordinate system acts as the parent 
for one or more child coordinate systems and shapes. Those 
child coordinate systems are, in turn, parents to further child 
coordinate systems and shapes, and so on. 

VRML is a ?le format for describing objects. VRML 
de?nes a set of objects useful for doing 3D graphics, 
multi-media, and interactive object/World building. These 
objects are-called nodes, and contain elemental data Which 
is stored in ?elds and events. Typically, the scene graph 
comprises structural nodes, leaf nodes, interpolation nodes 
and sensor nodes. The structural nodes de?ne the spatial 
relationship of objects Within a scene. The leaf nodes de?ne 
the physical appearance of the objects. The interpolation 
nodes de?ne animations. The sensor nodes de?ne user 
interaction for particular user input modalities. VRML does 
not directly support streaming of data from a server into a 
client. Facilities such as synchroniZation betWeen streams 
and time stamping that are essential in streaming do not exist 
in VRML. HoWever, VRML has a mechanism that alloWs 
external programs to interact With VRML clients. This has 
been used in sports applications to load animation data into 
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2 
the client. See, for example, “VirtuaLive Soccer” of Orad 
Hi-Tec Systems, Ltd at <http://WWW.virtualive.com>. This 
Web document discusses a process for producing realistic, 
animated, three-dimensional graphic clips that simulate 
actual soccer match highlights for being sent via the Internet. 
The system generates content that complements television 
sports coverage With multimedia-rich Web pages in near real 
time. In this example, the process Works in tWo steps. First 
the graphics models of the stadium and of the soccer players 
are doWnloaded along With an external program, in this case 
a Java Applet. The user can then interact With the external 
program to request a particular animation. The data for this 
animation is then doWnloaded into the client and interacted 
With by the user. In terms of node type, this process ?rst 
doWnloads the structural and leaf nodes, and thereupon the 
interpolation nodes. By changing the set of interpolation 
nodes, it is possible to run a different animation sequence. 
The process used in this example is someWhat equivalent to 
a single step process in Which the user can choose the 
complete VRML ?le that contains all the models (structural 
nodes) and all the animation data (interpolator nodes). This 
approach leads to long doWnload times before any content 
can be played on the client. This is experienced as a 
frustrating experience, especially if compared to TV broad 
cast Where content is available instantly. 
The other technology introduced above, MPEG-4, de?nes 

a binary description format for scenes (BIFS) that has a Wide 
overlap With VRML 97. MPEG-4, on the other hand, has 
been designed to support streaming of graphics as Well as for 
video. MPEG-4 de?nes tWo server/client protocols for 
updating and animating scenes: BIFS-Update and BIFS 
Anim. Some of the advantages of MPEG-4 over VRML are 
the coding of the scene description and of the animation data 
as Well as the built-in streaming capability. The user does not 
have to Wait for the complete doWnload of the animation 
data. For example, in the soccer match broadcast application 
mentioned earlier the animation an start as soon as the 

models of the players and the stadium are doWnloaded. 
MPEG-4 further has the advantage that it more ef?cient 
oWing to its BIFS transport protocol that uses a compressed 
binary format. 

Within the context of streaming, the knoWn technologies 
mentioned above have several limitations With regard to 
bandWidth usage, packet-loss concealment or recovery and 
multi-user interactivity, especially in a broadcast to large 
numbers of clients. 
As to bandWidth, the complete animation is generated at 

the server. This results in a large amount of data that needs 
to be transported over the netWork, e.g., the Internet, con 
necting the client to the observer. For example, in the soccer 
broadcast application mentioned above, the 22 soccer play 
ers need to be animated. Each animation data point per 
individual player comprises a position in 3D space and a set 
of say, 15 joint rotations to model the player’s posture. This 
represents 63 ?oating-point values. If it is assumed that the 
animation update rate is 15 data points per seconds, a bit-rate 
of 665 Kbps is required. This bit-rate can be reduced through 
compression. Typically, using BIFS reduces the bit-rate by 
a factor of 20, giving a bit-rate of about 33 Kbps. HoWever, 
this number has not taken into account overhead required for 
the Internet protocols (RTP, UDP and IP) and for additional 
data types, such as audio. HoWever, typical modems cur 
rently commercially available on the consumer market have 
a capacity of 28.8 Kbps or 33.6 Kpbs. It is clear that 
streaming animation causes a problem at the end user due to 
bandWidth limitations. In the case of a broadcast to a large 
number of clients, say 100,000 clients, the data stream Will 
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need to be duplicated at several routers. A router on the 
Internet determines the next network point to which a packet 
should be forwarded on its way toward its ?nal destination. 
The router decides which way to send each information 
packet based on its current understanding of the state of the 
networks it is connected to. A router is located at any 
juncture of networks or gateway, including each Internet 
point-of-presence. It is clear that the broadcast could lead to 
an unmanageable data explosion across the Internet. To 
prevent that from happening, the actual bandwidth needs to 
be limited to much lower than 28.8 Kbps. 

As to packet loss concealment, VRML-based systems 
utiliZe reliable protocols (TCP). Packet losses are not an 
issue here. In the case of MPEG-4, BIFS uses RTP/UDP/IP. 
Apacket loss recovery mechanism is therefore required. In 
a point-to-point application, re-transmission of lost packets 
can be considered. In a broadcast situation, however, this is 
much more complex. In both cases, however, MPEG reli 
ability requires either higher bandwidth usage (redundancy) 
or higher latency (retransmission). 
As to multi-user interactivity, both VRML and MPEG-4 

are essentially based on a server-client communication. No 
provisions exist to enable communication among multiple 
clients. 

For more information on VRML see, for example, “Key 
Concepts”, Mar. 5, 1996, at: <http://sgi.felk.cvut.cZ/ 
~holecek/VRML/concepts.html>, or “Internetwork Infra 
structure Requirements for Virtual Environments”, D. P. 
BrutZman et al., Jan. 23, 1996, publicly available at: <http:// 
www.stl.nps.navy.mil/~brutZman/vrml/vrmli95 .html> 

For more information on MPEG-4 see, for example, 
“Overview of the MPEG-4 Standard”, ISO/IEC JTC1/SC29/ 
WGll N2323 ed. Rob Koenen, July 1998, publicly available 
at <http://drogo.cselt.stet.it/mpeg/standards/mpeg-4/mpeg 
4.htm>. 

OBJECT OF THE INVENTION 

It is therefore an object of the invention to provide a 
technology that enables a client to process multimedia data 
as if it were a steady and continuous stream. It is another 
object to enable the continuous processing at a large number 
of clients in a broadcast over the Internet. It is noted that the 
problems identi?ed above become rather acute in a broad 
cast application. 

SUMMARY OF THE INVENTION 

To this end, the invention provides a method of emulating 
streaming a multimedia ?le via a network to a receiving 
station connected to the network. Respective state informa 
tion descriptive of respective states of the ?le is supplied. 
The receiving station is enabled to receive the respective 
state information via the network and is enabled to locally 
generate the multimedia ?le under control of the respective 
state information. In a broadcast for animation, the invention 
relates to a method of supplying data via a network for 
enabling displaying graphics animation. Respective state 
information is supplied over the network descriptive of 
successive respective states of the animation. The respective 
state information is received via the network. The receiving 
station is enabled to generate the animation under control of 
the respective state information upon receipt. 

In the invention the multimedia ?fe (animation, video or 
audio ?le) is described as a succession of states. It is this 
state information that gets transmitted to the clients rather 
than the animation data itself. The term “emulating” there 
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4 
fore emphasiZes that the information communicated to the 
client need not be streamed. The client generates the data for 
play-out locally and based on the state information received. 
Accordingly, the user perceives a continuous and steady 
stream of data during play-out as if the data were streamed 

over the network (under optimal conditions). 

In a preferred embodiment, a shared-object protocol is 
used to accomplish the emulation. Both a server and a client 

have copies of a collection of objects. An object is a data 
structure that holds state information. Within the context of 
the virtual soccer match, an object is, for example, a 
graphics representation of one of the soccer players. The 
server receives a streamed video ?le and monitors the 
objects. It is noted that MPEG-4 enables the creation of 
video objects that are processed as an entity. If the server 
changes the state of this object, the shared object protocol 
causes the copy at the client to change accordingly. This is 
explained in more detail with reference to the drawings. 

This state information is at a higher level of abstraction 
than the animation data itself. For example, in the soccer 
match broadcast application mentioned above, the state 
information comprises the current positions of the 22 players 
in the ?eld and parameters specifying their current action 
(e.g., “running”, “jumping”, etc.). The use of higher level 
information has several advantages, in particular in a broad 
cast application where animation is streamed over the Inter 
net to a large audience. The content of the state information 
as communicated over the Internet is very compact, thus 
requiring lower bandwidth than in case the animation data 
itself is streamed. The animation is generated locally from a 
few parameters. In addition, the update rate of animation 
data points is lower because the state of the animation 
changes at a slower rate than the animation data itself. This 
contributes to further lowering bandwidth requirements. 
Furthermore, the invention provides enhanced possibilities 
for packet loss recovery or concealment and for network 
latency jitter masking. It is easy to interpolate or extrapolate 
between states and to implement dead reckoning concepts. 
User interaction with the animation is more easily program 
mable because of this higher level of abstraction. Another 
advantage is that multi-user interaction is feasible if clients 
are enabled to share state information. Still another advan 
tage is the fact that clients are enabled to convert the state 
information into animation based on their individual pro 
cessing power that might differ from client to client. The 
resources available at the client may be different per client 
or groups of clients. 

Within the context of the invention, reference is made to 
US. patent application Ser. No. 09/053,448 (PHA23,383) of 
same Assignee, titled “Group-wise video conferencing uses 
3D-graphics model of broadcast event” and incorporated 
herein by reference. This document addresses a TV broad 
cast service to multiple geographically distributed end users. 
The broadcast service is integrated with a conferencing 
mode. Upon a certain event in the broadcast, speci?c groups 
of end users are switched to a conference mode under 

software control so that the group is enabled to discuss the 
event. The conference mode is enhanced by a 3D graphics 
model of the video representation of the event that is 
downloaded to the groups. The end users are capable of 
interacting with the model to discuss alternatives to the 
event. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

The invention is explained by Way of example and With 
reference to the accompanying drawings, Wherein: 

FIG. 1 is a diagram of a VRML client-server system; 

FIG. 2 is a diagram of an MPEG-4 client-server system; 
and 

FIGS. 3—6 are diagrams of systems in the invention. 

Throughout the ?gures, same reference numerals indicate 
similar or corresponding features. 

PREFERRED EMBODIMENTS 

FIG. 1 is a block diagram of a client-server system 100 
based on VRML. System 100 comprises a server 102 
coupled With a client 104 via a communication channel 106, 
here the Internet. System 100 may comprise more clients but 
these are not shoWn in order to not obscure the draWing. 
Server 102 comprises a source encoder 108 and a channel 
encoder 110. Client 104 comprises a channel decoder 112 
and a source decoder 114. Source encoder 108 is considered 
a content generation tool. For example, it can be a tool that 
generates the VRML animation data from motion capture 
devices (not shoWn) operating on video. Channel encoder 
110 is a sub-system that takes as input the VRML animation 
generated at source encoder 108 and transforms it into a 
form that can be transported over the Internet. The VRML 
animation data is stored in a ?le. The transport of this ?le 
uses a standard ?le transport protocol. At client 104, channel 
decoder is contained in an external program 116. It gets the 
animation data from the doWnloaded ?le and sends it to a 
VRML player 118 that performs the source decoder func 
tion. The source decoder function is essentially a manage 
ment of the scene graph. This server-client communication 
procedure is not a streaming solution. The speci?cation of 
VRML does not consider streaming a requirement. Facilities 
such as synchroniZation betWeen streams and time stamping, 
both essential to streaming, do not exist in VRML. 

FIG. 2 is a block diagram of a client-server system 200 
based on MPEG-4. System 200 has a server 202 coupled to 
a client 204 via a communication channel 206. Server 202 
has a source encoder 208 and a channel encoder 210. Client 
204 has a channel decoder 212 and a source decoder 214. As 
mentioned above, MPEG-4 has been designed to support 
streaming. Among other things, MPEG-4 has de?ned a 
binary description format for scenes (BIFS) that has a Wide 
overlap With VRML 97. Furthermore, MPEG-4 de?nes tWo 
server/client protocols for updating and animating scenes, 
namely BIFS-Update and BIFS-Anim. Advantages of 
MPEG-4 over VRML Within the context of streaming is the 
coding of the scene description and of the animation data as 
Well as the built-in streaming capability. Source encoder 208 
is, similarly to encoder 108, a content generation tool. 
Channel encoder 210 is different from channel encoder 110. 
It generates a bit-stream in BIFS and BIFS-Anim formats. 
This bit-stream contains the graphics models of the players 
and the stadium (in the soccer match animation) as Well as 
the animation data. 

HoWever, both systems 100 and 200 have several serious 
draWbacks When used in an environment for broadcasting 
animation to a large number of clients, say, 100—100,000 
clients. The limitations relate to netWork bandWidth usage, 
packet loss concealment and multi-user interactivity as 
already mentioned above. 
A preferred embodiment of the invention provides a 

solution to these problems by emulating the streaming 
utiliZing a communication protocol that supports the sharing 

10 

15 

25 

35 

45 

55 

65 

6 
of objects by an object oWner and an object vieWer (or 
listener). A shared object is a data structure that holds state 
information. The set of shared objects that de?nes the entire 
state is called the World model. The clients and the server 
have their oWn copy of the World model. For example, an 
object Within the context of a soccer match representation is 
the representation of a soccer player. The object’s state 
information is then, for example, the position of the soccer 
player in 3D space or an action state such as “running” or 
“jumping” or “sliding” or “lying on the ground, apparently 
hurt, but has track record of comedian”. Each shared object 
is oWned by a particular party, e.g., the server. The oWner 
can change the state information contained in the object. 
When this occurs, the protocol automatically synchroniZes 
the state information across the netWork. Such a protocol is 
referred to herein beloW as a shared-obj ect support protocol. 
The protocol ensures that all the World model copies remain 
consistent as the state of the World model evolves. Examples 
of protocols that can be used for this purpose are DIS 
(Distributed Interactive Simulation) and ISTP (Interactive 
Sharing Transfer Protocol). An underlying idea of the inven 
tion is to describe the animation as a succession of states. For 
example, in the soccer softWare application, the animation is 
described as a succession of player positions on the ?eld and 
action states of the players. The state at a given moment is 
represented by the World model. As time passes, the state 
evolves and the protocol synchroniZes the state of the World 
model across the netWork. This can also be explained in 
terms of shared objects. These objects hold the state infor 
mation that describes the game at a given time instant. 
Updates of the state information for each object result in the 
generation of messages that are being sent across the net 
Work to the clients. 

FIG. 3 is a block diagram of a system 300 in the invention. 
System 300 comprises a server 302 coupled to a client 304 
via a netWork 306. Server 302 comprises a source encoder 
308 and a channel encoder 310. Client 304 comprises a 
channel decoder 312 and a source decoder 314. Server 302 
has a copy 316 of a World model and client 304 has a copy 
318 of the World model. Data is streamed to source encoder 
308 at an input 320. Source encoder 308 generates the 
required state information based on the input received and 
updates the state of the objects in World model copy 316 as 
the streaming process continues. This type of technology is 
used, for example, by the VirtuaLive Soccer system men 
tioned above. Channel encoder 310 monitors World model 
copy 316 and encodes the state changes of the shared 
objects. The encoded state changes are sent to client 304 via 
netWork 306. Channel decoder receives the state changes 
and updates local World model copy 318. Source decoder 
314 performs tWo tasks. First, it generates the animation 
based on the state information received. Secondly, source 
decoder 314 manages the scene graph according to the 
animation. Source decoder 314 is noW an intelligent com 
ponent: it performs animation computation and, in addition, 
it is capable of performing other tasks such as state inter 
polation or extrapolation to conceal packet losses or netWork 
latency jitter. 

Within this context reference is made to US. patent 
application Ser. No. 08/722,414 (PHA 23,155) of same 
Assignee, titled “Multi-player video game With local 
updates mitigates latency effects”, herein incorporated by 
reference. This reference discusses a system Wherein mul 
tiple users share a virtual environment through an interactive 
softWare application. State changes of a speci?c user are 
transmitted to one or more other users dependent on respec 

tive relative distances in the virtual environment betWeen the 
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speci?c user and each respective one of the other users. This 
conditional transmission reduces message traf?c and allows 
the virtual environment to scale practically inde?nitely. 

Also, reference is made to US. patent application Ser. No. 
08/722,413 (PHA 23,156) of same Assignee, titled “Latency 
effect in multi-player video game reduced by surrogate 
agent” and incorporated herein by reference. This document 
relates to a data processing system that processes an inter 
active softWare application for a competition betWeen tWo or 
more users. The system comprises user-interface machines 
for actuation by respective ones of the users. The machines 
are interconnected via a netWork. In order to effectively 
eliminate latency, a user is represented at the other users’ 
machines as an agent Whose reaction to an action of the other 
user is governed by a rule base stored in the system. 

Further reference is made to US. patent application Ser. 
No. 08/994,827 (PHA 23,319) of same Assignee and incor 
porated herein by reference, titled “Diversion agent uses 
cinematographic techniques to mask latency”. This docu 
ment relates to a softWare agent as a functional part of a 
user-interactive softWare application running on a data pro 
cessing system. The agent creates a user-perceptible effect in 
order to mask latency present in delivery of data to the user. 
The agent creates the effect employing cinematographic 
techniques. 

It is noted that copies 316 and 318 of the World model 
need not be identical, e.g., in appearance When rendered, as 
long as an object in one copy of the World model and another 
object in another copy of the World model are being treated 
as shared in the sense that they share state changes. The 
feasibility and eXtent of non-identity is application 
dependent. For eXample, if one client’s user likes to repre 
sent the soccer players as, say, penguins, and another client’s 
user prefers the representation of say, ballet dancers, the 
representation at both clients are being kept consistent 
throughout the system by means of the shared state changes. 
As another eXample, client 304 may enable the user to input 
additional state information to control the rendering of the 
World model at play-out. For eXample, the user may select 
a particular point of vieW When Watching the VirtuaLive 
soccer match. This state information is not, and need not, be 
present in server 302. It is noted that the rendering of the 
vieWpoint based on state information and the World model is 
much less complicated and requires feWer resources than if 
the image Were actually streamed into client 304 as a bitmap 
With depth information. Accordingly, in addition to the 
advantages of the invention mentioned earlier, the invention 
facilitates user-interactivity. 

The con?guration of system 300 assumes that client 304 
is capable of running a softWare application and has a 
sufficiently poWerful CPU and a suf?ciently large storage. 
Some clients may not have these capabilities onboard. It is 
therefore desirable to consider loWer-end terminals, also 
referred to as “thin clients”. Such terminals could be, for 
eXample, loW-pro?le MPEG-4 terminals that accept a BIFS 
stream as input but may not be poWerful enough. This is 
explained With reference to FIG. 4 that is a block diagram of 
a system 400 according to the invention. System 400 com 
prises a server 302 that communicates With client 204 via a 
translator station 406. The con?guration of server 302 and 
client 204 has been discussed above. Translator station 406 
maintains a local copy of the World model. This World model 
is updated by the messages from server 302 so that the 
model represents the current state. Based on this state 
information, translator station 406 computes the animation. 
The animation data is encoded in BIFS-Anim format and 
transmitted to MPEG-4 client 204. Server 302 is similar to 
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8 
the one in system 300. Translator station 406 is a module that 
performs a conversion betWeen messages transmitted under 
the shared-object support protocol on the one hand, and the 
BIFS-Anim bit-stream on the other hand. Station 406 has a 
channel decoder 312 discussed above, a source transcoder 
410 and a channel encoder 412. Decoder 312 interprets the 
messages received from server 302 and updates local copy 
of the World model 318. Source transcoder 410 comprises a 
program that computes the animation based on state infor 
mation. This module preferably performs such tasks as 
packet loss recovery (based on interpolation or 
extrapolation), dead reckoning, local animation, etc, similar 
to source decoder 314 above. Channel encoder 412 gener 
ates a bit-stream in BIFS and BIFS-Anim formats based on 
the output of source transcoder 410. 

FIG. 5 is a block diagram of a system 500 in the invention. 
System 500 combines the con?gurations of systems 300 and 
400. System 500 comprises a server 302, a netWork 502, 
clients 504, 506, 508 and 510 connected to server 302 via 
netWork 502. System 500 further comprises a translator 
station 406,and clients 512, 514 and 516. Clients 512—516 
are coupled to server 302 via netWork 502 and translator 
station 406. Clients 512—516 are served by translator station 
406 With BIFS bit streams, Whereas clients 504—510 receive 
the state information in a protocol that supports shared 
objects and generate the animation themselves. 

FIG. 6 is a block diagram of a system 600 in the invention 
that enables interaction among clients. System 600 com 
prises a server 302 coupled to clients 602 and 604 via 
netWork 606. The con?guration of server 302 is discussed 
above. Server 302 has a copy of a World model With objects 
608, 610, 612 and 614. Clients 602 and 604 have similar 
copies of the World model With similar objects 608—614. The 
copies of the World model are maintained consistent 
throughout system 600 through state information sent by 
server 302. This forms the basis for the emulation of 
streaming a graphics animation, a video animation or an 
audio ?le as discussed above. Clients 602 and 604 noW also 
share objects 616 and 618 With each other, but not With 
server 302. For eXample, client 602 is oWner of an object 
“viewpoint” that represents the vieW of the graphics repre 
sentation of the soccer match chosen by client 602. Based on 
the state information received from server 302 client 602 
renders a graphics image of the match as if it Were vieWed 
from a particular position in the stadium. The rendering of 
the image is based on the combination of current state 
information received from server 302, the local World model 
copy and the user input via user input means 620, e.g., a 
joystick or mouse, that enables selection of the vieWpoint. 
Client 604 shares the vieWpoint object that is being kept 
consistent With the one at client 602 under the control of the 
latter and using the shared-object support protocol. Objects 
616—618 are not shared With other clients on the system. It 
is noted that the rendering of the vieWpoint based on state 
information and the World model is much less complicated 
and requires feWer resources than if the image Were actually 
streamed into clients 602 and 604 as a bitmap With depth 
information. System 600 may even be a totally distributed 
system Without a server With main oWnership. Each respec 
tive one of multiple clients oWns respective ones of the 
objects in the World model that is perceptible from all 
clients. The oWner of an object triggers a state change that 
gets propagated through the netWork so as to maintain 
consistency Within the shared World model. In a multi-user 
application the effect is a continuous play-out at each client 
Without severe bandWidth limitations as a consequence of 
the emulation of streaming of the animation. 
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We claim: 
1. A method of emulating streaming a multimedia ?le via 

a network, comprising: 
providing a ?rst World model to a ?rst station, and a 

second World model to a second station, the ?rst station 
having at least a source encoder and a channel encoder 
coupled to the ?rst World model, and the second station 
having at least a channel decoder and a source decoder 
coupled to the second World model; 

streaming data to the source encoder of the ?rst station; 

generating state information based upon the data streamed 
to the source encoder; 

updating at least one state of the ?rst World model; 

monitoring and encoding state changes in the ?rst World 
model; 

transmitting encoded state changes to the second station; 
decoding, at the second station, the encoded state changes 

and updating the second World model; and 
generating animation based on the decoded state changes. 
2. The method of claim 1, further comprising managing a 

scene graph at the second station according to the animation. 
3. The method of claim 2, further comprising performing 

state interpolation. 
4. The method of claim 2, further comprising performing 

state extrapolation. 
5. The method of claim 2, further comprising rendering 

the second World model. 
6. The method of claim 2, further comprising rendering 

the ?rst World model and the second World model Wherein 
the appearance of each of the renderings is not identical, and 
Wherein corresponding shared objects in the ?rst World 
model and the second World model share state changes. 

7. The method of claim 6, further comprising locally 
providing state information to the second station, Wherein 
the locally provided state information is not shared With the 
?rst station, and Wherein play-out of the second World model 
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is controlled, based at least in part, on the locally provided 
state information. 

8. The method of claim 7, Wherein the locally provided 
stat information comprises point of vieW. 

9. A method of emulating streaming a multimedia ?le via 
a netWork, comprising: 

providing a ?rst World model to a ?rst station, and a 
second World model to a second station, the ?rst station 
having at least a source encoder and a channel encoder 
coupled to the ?rst World model, and the second station 
having at least a channel decoder and a source 
transcoder coupled to the second World model, and a 
channel encoder coupled to the source transcoder; 

streaming data to the source encoder of the ?rst station; 
generating state information based upon the data streamed 

to the source encoder; 
updating at least one state of the ?rst World model; 
monitoring and encoding state changes in the ?rst World 

model; 
transmitting encoded state changes to the second station; 
decoding, at the second station, the encoded state changes 

and updating the second World model; 
generating animation data based on the decoded state 

changes; and 
encoding the animation data and transmitting the encoded 

animation data to a third station. 
10. The method of claim 9, Wherein the animation data is 

encoded into BIFS-Anim format and transmitted to an 
MPEG-4 client. 

11. The method of claim 9, further comprising performing 
packet loss recovery. 

12. The method of claim 11, Wherein performing packet 
loss recovery consists of performing one or more of 
interpolation, extrapolation, dead reckoning, and local ani 
mation. 


